Although a number of extension publications and magazine articles state tolerance levels for iron in poultry water supplies, there appears to be a paucity of scientific literature containing supporting data. The standard of 0.3 ppm is often recommended and is based on preventing taste and staining problems for humans. At the other end of the spectrum is a publication that says there is no evidence that iron will cause problems with poultry.
DESCRIPTION OF PROBLEM
Iron is a common and troublesome mineral found in drinking water. Even in concentrations as low as 0.3 ppm, iron can stain containers, give the water an unpleasant metallic taste, or foster the growth of iron bacteria that can clog filters and drinkers.
Our concern, which prompted this research, was that although a number of extension publications and magazine articles state tolerance levels for iron, the scientific literature does not appear to contain substantiating studies. The National Research Council [1] indicated that 4,500 ppm dietary iron is toxic and causes rickets.
The standard of 0.3 ppm is often recommended [2, 3] and is based on the tolerance in human water supplies to prevent taste and staining problems. On the other hand, Keshavarz [4] indicated that 6 ppm might be toxic and that 3 ppm should have no effect. Lacy and Dale [5] , after a water quality survey of broiler farms in Georgia, reported in a table summarization from three publications that no problems should be noted for up to 25 ppm iron. They said that even higher levels might be safe, but the water would have a metallic taste and cause staining. At the other end of the literature spectrum is an extension publication by Hairston [6] that states there is no evidence to show that iron will cause any problems with livestock or poultry.
It is this author's opinion that the reason for most publications giving low tolerance levels based on human standards is that there is a paucity of controlled research information concerning poultry's tolerance to iron and other minerals. It was the intent of this research to determine if the low tolerances were valid and, if not, to attempt to determine if iron toxicity could be a real problem in practical poultry operations.
MATERIALS AND METHODS
Three experiments were conducted using Hy-Line W-36 hens housed individually in 20.3-× 45.7-cm commercial laying cages. The hen ages at the start of each experiment were 56, 49, and 32 wk for Experiments 1, 2, and 3, respectively. Each study was 28 d. The first study was initiated in September, the second in November, and the third in April. Drinking water treatments consisted of reagent-grade ferrous sulfate added to deionized water in amounts sufficient to provide iron levels of 0, 0.5, 1, 2, 4, or 8 ppm iron in Experiment 1; 0, 4, 8, 16, or 24 ppm for Experiment 2; and 0, 100, 200, 300, 400, or 500 ppm during Experiment 3. Drinking water treatments were prepared weekly; each treatment was provided ad libitum to six replicates of five hens in Experiments 1 and 3 and to five replicates for Experiment 2. Treatments were provided to each cage in a commercial trigger-operated watering cup mounted in a five-cage manifold and connected by plastic tubing to a collapsible 10-L container placed overhead for gravity flow. Treatments were given in conjunction with the layer diet shown in Table 1 .
In all experiments, egg production was recorded daily for individual birds. Average egg weights and specific gravities were determined on 5-d egg production each week. Specific gravity was determined by passing eggs through a graded series of sodium chloride solutions (0.005 increments) progressing from lowest to highest concentrations. Feed and water consumption of each pen were measured over the 28-d period for calculation of daily feed intake and water intake. Body weight change was determined from individual weights taken at the beginning and end of each experiment.
Data were statistically analyzed using analysis of variance and, when significant treatment differences were identified, Duncan's multiple-range test procedures were used to further separate treatment means [7] . Treatments and blocks were the main effects, and all statements of significance are based on a probability level of less than 5%.
RESULTS AND DISCUSSION
In Experiment 1, hen-day egg production was relatively uniform across all levels of supplemental iron in drinking water and not adversely affected by treatment (Table 2) . Daily feed and water consumption were similar for all levels of iron and were not statistically different. Also, feed conversion, average egg weight, and body weight change over the experiment were not adversely affected by drinking water with iron levels up to 8 ppm. The parameter used to evaluate eggshell quality Means within a column with no common superscript differ significantly (P ≤ 0.05).
(specific gravity) was also not significantly altered by elevated iron in drinking water. In Experiment 2, with water iron levels up to 24 ppm, all levels of iron resulted in comparable rates of egg production (Table 3) . Feed and water consumption and feed efficiency were relatively uniform across treatments and were not significantly different. Egg weights were somewhat heavier than in Experiment 1, but no treatment-related changes were noted. Egg specific gravity was not altered relative to water iron treatments. Body weight change over the study was small and not related to iron consumption.
Supplemental iron levels were much higher in Experiment 3, up to 500 ppm, but egg production, although more variable than in previous studies, was not statistically different from controls (Table 4 ). Daily feed intake was significantly reduced in association with 500 ppm water iron. Because drinking water was the iron carrier, it was the most sensitive criterion, and 100 ppm caused a significant reduction of
CONCLUSIONS AND APPLICATIONS
1. It appears from these findings that laying hen tolerance for iron in drinking water was between 24 and 100 ppm. 2. Only the intake levels of feed and water were adversely affected during a 28-d period when iron in drinking water was 500 and 100 ppm, respectively. 3. It seems obvious the recommendations of Lacy and Dale [5] are on target and that laying hen performance should not be adversely affected by the practical iron levels found in poultry water supplies. water intake. The next level of iron inclusion, 200 ppm, resulted in a second statistical reduction of water consumption. Possibly because of the length of study, further increments of iron concentration did not result in additional water intake depression. Feed conversion was good and not statistically influenced by treatment. For unexplained reasons, perhaps the large number of egg weights measured, there were intermittent differences in average egg weight; however, none of the weights differed from controls. Also, eggshell quality (specific gravity) was not adversely affected by iron level. Body weight change was minimal and not treatment related. Mortality was also very low and not influenced by treatment, and so those data are not presented.
